dispersion system is required so that unnecessary dilution does not occur, or the dispersion can be designed so that solutions which are "off-range" can be suitably diluted.
There is a tendency for the through-put of a flow injection system to be described interms of so many samples per hour, although this figure is not synonymous' with. so many determinations per hour. As current practice favours injection of samples in triplicate, and as allowance must be made for similar injection of the range of calibration standards, a more realistic figure might be ·obtained by dividing the samples-per-hour figure by three (or more) and calling it determinations per hour. Such a calculation still does not allow for the time spent in obtaining the sample or for any pretreatment it may need to get it into a form suitable for injection.
The use of atomic absorption spectrometry ( a.a.s.) as the detection method in f.i.a. has been reported on only about ten occasions. Thus a.a.s. has not excited much interest as a detector system for f.i.a.; indeed, most of the applications would be better described as using flow injection simply as a sample introduction system. Nearly all the applications described use the limited dispersion< flow injection mode described above, so that the sample handling system could be considered as an automated "discrete nebulization" [2] or "micro-sampling nebulization" [3] accessory. The advantages of flow injection for sample introduction are exemplified by Wolf and Stewart who report . [ 4] on the excellent precision (hence low detection limits) obtainable for zinc and copper and the improvement in nebulizer perform ance achieved when the flow rate of carrier is controlled by a suitable pump rather than by the oxidant flow rate.
Nebulizer performance was also considered by Yoza et al. [5] who, in determining magnesium, used a compensating flow of either air or solution to match the manifold flow rate to the optimum flow rate of the nebulizer. The enhancing effects of organic solvents were utilized by Fukamachi and Ishibashi [6] who, injected aqueous solutions of a number of metals into a carrier stream of an immiscible solvent (either n-butyl acetate or methyl isobutyl ketone) .propelled solely by the "suction" of the nebulizer. Bergamin and co-workers [7-:--9] have demonstrated the feasibility of their zone· sampling injection technique as well as the use of the merging-zone tech nique for the addition of lanthanum to a calcium solution. The simultaneous use of both dual-channel atomic absorption and dual-channel atomic emission spectrometers enabled Basson and van Staden [10] to analyse water samples for four elements simultaneously by splitting the stream between the two instruments. \Mindel and Karlberg [11] have outlined some of the advan tageous. features of using flow injection as a sample introduction system and suggested that solvent extraction could be carried out in the flowing stream. Tyson and Idris [12, 13] have discussed the characteristics of the instrument response curve and'demonstrated the feasibility of the flow injection analogue of the standard addition method; they proposed the use of a concentration gradient.generate � ·by flow injection as the basis of a single-standard calibration method. Greenfield [14] has demonstrated that these ideas are also workable with an inductively-coupled plasma instrument whose use has also been described by Jacintha et al. [15] . Recently, the hydride generation reaction has been adapted to a flow injection manifold by Astrom [ 16] , for the determination of bismuth.
Model for dispersion behaviour
The extent to which a sample plug disperses during its passage through a narrow tube under conditions of laminar flow has been the subject of numerous studies. Exact solution of the appropriate equations appears difficult and various numerical methods have been based on introduction of reduced units to make the system of equations dimensionless. The relevance of these to the conditions normally encountered in flow injection manifolds has recently been critically evaluated [17] and it has been suggested that these numerical solutions are more useful than the solutions obtainable when either convection or diffusion is regarded as the predominant mechanism. The latter solutions have been used as a basis for explaining the dispersion phenomena encountered in f.i.a. and for providing a number of guidelines for the design of manifolds [ 18] .
In an atomic absorption spectrometer, several physical and chemical processes occur in converting the solution flowing into the nebulizer to a population of free atoms. The resultant absorbance-time relationship is, to a good approximation, exponential and thus the atomic absorption instru ment behaves as though it contained a single well-stirred mixing chamber. The concentration ( C)-time (t) relationship when a step change in concen tration from O to C m occurs in a stream flowing with volume flow rate u, just prior to a mixing chamber of volume Vis given by
If it is assumed that absorbance (A) is directly proportional to concentra tion, then the shape of the corresponding A-t curve is given by
(All symbols used are explained in Table 1 .) The curve shape can be analyzed The use of this model in the design of a flow injection manifold for per forming reagent addition and standard addition is described in this paper. Furthermore, it is proposed that the inclusion of a real mixing chamber into the flow system, whose volume is large compared with the hypothetical volume, could provide concentration-time· profiles useful for calibration purposes.
EXPERIMENTAL

Apparatus
A Gilson Minipuls-2 peristaltic pump, together with an Altex type 201-25 8-port injection valve (having two external sample loops) and 0. 58 mm i.d. tubing formed the basis of the flow injection manifold. A Shandon Southern A3300 atomic absorption spectrometer was used for the studies on reagent
and standard addition methods and a Perkin-Elmer 290B spectrometer was used for the studies of the concentration profiles for calibration. The spec trometer outputs were monitored either by a chart recorder or a Baird Atomic Datacomp microprocessor data handling accessory. The flow injection manifold was as shown in Fig. 1 . A variety of injec tion loop volumes ranging from 13 to 500 µI and connecting tube lengths from 3 to 200 cm were used.
Samples, standards and reagents
The iron samples were prepared by dissolution in hydrochloric acid, as described by Nall et al. [19] . The chromium and magnesium standards were prepared by dilution of stock 1000 mg i-1 solutions (BDH Chemicals). Iron(III) solution (10,000 mg 1- Exponential dilution flask calibration method. A cylindrical glass mixing chamber of volume 8.5 ml was incorporated into the flow line. The inlet was located on a base diameter and the outlet axially at the top [18] . A stream switching method was used to produce a sharp boundary between tri-distilled water and a 2.5 mg 1-1 . magnesium standard solution. The mixing chamber was stirred by a magnetic follower.
RESULTS AND DISCUSSION
As the quantitative parameter used in these studies was peak height, the dispersion, D, of the system was considered to be the ratio of the steady state concentration, C m , to the concentration at the peak, C P . This designa tion of dispersion follows the accepted practice of previous flow injection 
Reagent addition method
(7)
In the determination of chromium in steel, it is known that the iron exerts a depressive effect on the chromium absorbance. It was found in this study that the depressive effect was constant, provided that the iron-to-chromium mass ratio was greater than 30: In this study, a dispersion of 4 was used and thus the concentration of iron  added to the carrier was 200 mg 1-1 or greater. The results obtained under these conditions for the analysis of some British Chemical Standard steels are given in Table 2 .
Standard addition method
The sample carrier stream contains the analyte at concentration C x and thus the concentration at peak maximum when a standard of concentration c s is injected is obtained by combining Eqns. (3) and (5) to give
The change in concentration, AC, which occurs at the peak maximum, c p -e x , is given by Assuming absorbance to be a linear function of concentration then (10) where AA is the observed change in absorbance and k is the proportionality constant relating absorbance and concentration. The method is illustrated in Fig. 2 in which the concentration of the carrier stream was 9.0 mg 1-
•
The normal use of the standard addition method in a.as. is to compensate . for interference effects in the samples. For this flow injection method to function likewise, the dispersion must be designed so that interference effects in the sample stream operate to the appropriate extent on the injected standards. This can be done in a manner similar to that outlined in the previous section for the reagent addition method. From Eqns. (6) , (7) and (9) ,
Thus the concentration of interferent C ! at the peak must be and, from Eqns. (6) and (7), the minimum coiice�tration of ir�n in the carrier stream must be
Equation ( into the instrument at the same flow rate as the exponential concentration profile was produced, a characteristic time value may be obtained from the A-t plot which can then be converted to a concentration by substitution into Eqn. (1). The results of some preliminary experiments with magnesium as the test element are given in Table 3 .
CONCLUSIONS
In addition to the advantages of using flow injection sample introduction methods for atomic absorption spectrometry, which have already been des cribed in the literature, the results of the present study indicate that the precise dispersion characteristics of flow injection manifolds can be used as a substitute for volumetric manipulation and that flow injection analogues of "reagent" addition (matching standards to samples) and standard addition methods of calibration may be devised. This standard addition method, in particular, has two advantages: ( a) the same standard solutions are used for a range of samples, thus considerably reducing the amount of volu metric manipulation necessary; and (b) an interpolative procedure is provided for obtaining unknown concentrations, which is more accurate than the normal extrapolative method.
Although it has been shown that the simplified model for the dispersion effects observed proposed here (the single hypothetical mixing chamber) is lyte. In the g.s.a.m. calculations, these factors may be considered as a pseudo applicable to flow injection manifolds coupled to atomic absorption spec- 
